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2-ETHYL AND 
2-ETHYLIDENE-19-NOR-VITAMIN D 

COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. patent application 
Ser. No. 09/871,227, ?led May 31, 2001, now US. Pat. No. 
6,806,262, Which in turn is based on and claims priority 
from Provisional Patent Application Ser. No. 60/208,199 
?led May 31, 2000. 

BACKGROUND OF THE INVENTION 

This invention relates to vitamin D compounds, and more 
particularly to vitamin D derivatives substituted at the 
carbon 2 position. 

The natural hormone, 1ot,25-dihydroxyvitamin D3 and its 
analog in ergosterol series, i.e. 1ot,25-dihydroxyvitamin D2 
are knoWn to be highly potent regulators of calcium homeo 
stasis in animals and humans, and more recently their 
activity in cellular differentiation has been established, 
Ostrem et al., Proc. Natl. Acad. Sci. USA, 84, 2610 (1987). 
Many structural analogs of these metabolites have been 
prepared and tested, including 1ot-hydroxyvitamin D3, 
1ot-hydroxyvitamin D2, various side chain homologated 
vitamins and ?uorinated analogs. Some of these compounds 
exhibit an interesting separation of activities in cell differ 
entiation and calcium regulation. This difference in activity 
may be useful in the treatment of a variety of diseases. 

Recently, a neW class of vitamin D analogs has been 
discovered, ie the so called 19-nor-vitamin D compounds, 
Which are characteriZed by the replacement of the A-ring 
exocyclic methylene group (carbon 19), typical of the vita 
min D system, by tWo hydrogen atoms. Biological testing of 
such 19-nor-analogs (e.g., 1ot,25-dihydroxy-19-nor-vitamin 
D3) revealed a selective activity pro?le With high potency in 
inducing cellular differentiation, and very loW calcium 
mobiliZing activity. Thus, these compounds are potentially 
useful as therapeutic agents for the treatment of malignan 
cies, or the treatment of various skin disorders. TWo different 
methods of synthesis of such 19-nor-vitamin D analogs have 
been described (Perlman et al., Tetrahedron Lett. 31, 1823 
(1990); Perlman et al., Tetrahedron Lett. 32, 7663 (1991), 
and DeLuca et al., US. Pat. No. 5,086,191). 

In US. Pat. No. 4,666,634, 2[3-hydroxy and alkoxy (e.g., 
ED-71) analogs of 1ot,25-dihydroxyvitamin D3 have been 
described and examined by Chugai group as potential drugs 
for osteoporosis and as antitumor agents. See also Okano et 
al., Biochem. Biophys. Res. Commun. 163, 1444 (1989). 
Other 2-substituted (With hydroxyalkyl, e.g., ED-120, and 
?uoroalkyl groups) A-ring analogs of 1ot,25-dihydroxyvita 
min D3 have also been prepared and tested (Miyamoto et al., 
Chem. Pharm. Bull. 41, 1111 (1993); Nishii et al., 
Osteoporosis Int. Suppl. 1, 190 (1993); Posner et al., J. Org. 
Chem. 59, 7855 (1994), and J. Org. Chem. 60, 4617 (1995)). 

Recently, 2-substituted analogs of 1ot,25-dihydroxy-19 
norvitamin D3 have also been synthesiZed, i.e. compounds 
substituted at 2-position With hydroxy or alkoxy groups 
(DeLuca et al., US. Pat. No. 5,536,713), Which exhibit 
interesting and selective activity pro?les. All these studies 
indicate that binding sites in vitamin D receptors can accom 
modate different substituents at C-2 in the synthesiZed 
vitamin D analogs. 

SUMMARY OF THE INVENTION 

The discovery of the hormonally active form of vitamin 
D3, 1ot,25-dihydroxyvitamin D3 (1ot,25-(OH)2D3, calcitriol, 
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2 
1; FIG. 1), has greatly stimulated research into its physiol 
ogy and chemistry. As previously noted, it has been estab 
lished that 1 not only regulates the mineral metabolism in 
animals and humans, but also exerts potent effects upon cell 
proliferation and cellular differentiation. Therefore, the 
chemistry of vitamin D has been recently focused on the 
design and synthesis of analogs that can exert selective 
biological actions. 

In a previous investigation of the structure-activity rela 
tionship of the vitamin D molecule, an analog of the natural 
hormone 1, 1ot,25-dihydroxy-2-methylene-19-norvitamin 
D3 (2), Was prepared in Which the exocyclic methylene group 
is transposed, in comparison With 1, from C-10 to C-2. Also, 
2ot-methyl analog 3 Was obtained by selective hydrogena 
tion of 2. Both analogs Were characteriZed by signi?cant 
biological potency, enhanced especially in their isomers in 
the 20S-series. 

In a continuing search for biologically active vitamin D 
compounds novel 19-nor analogs of 1, substituted at C-2 
With ethylidene (4a,b and 5a,b) and ethyl (6a,b and 7a,b) 
groups, have noW been synthesiZed and tested. Structurally 
the novel 2-ethylidene analogs belong to a class of 19-nor 
vitamin D compounds characteriZed by the general formula 
I shoWn beloW: 

Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
hydroxy-protecting group, and Where the group R represents 
any of the typical side chains knoWn for vitamin D type 
compounds. 

Structurally the novel 2-ethyl analogs belong to a class of 
19-nor vitamin D compounds characteriZed by the general 
formula II shoWn beloW: 

Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
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hydroXy-protecting group, and Where the group R represents 
any of the typical side chains known for vitamin D type 
compounds. 
More speci?cally R can represent a saturated or unsatur 

ated hydrocarbon radical of 1 to 35 carbons, that may be 
straight-chain, branched or cyclic and that may contain one 
or more additional substituents, such as hydroXy- or pro 

tected-hydroXy groups, ?uoro, carbonyl, ester, epoXy, arnino 
or other heteroatornic groups. Preferred side chains of this 
type are represented by the structure beloW: 

Where the stereochernical center (corresponding to C-20 in 
steroid nurnbering) may have the R or S con?guration, (i.e. 
either the natural con?guration about carbon 20 or the 20-epi 
con?guration), and Where Z is selected from Y, —OY, 
—CHZOY, —CECY, —CH=CHY, and 
—CH2CH2CH=CR3R4, Where the double bond may have 
the cis or trans geometry, and Where Y is selected from 
hydrogen, rnethyl, —COR5 and a radical of the structure: 

Where In and n, independently, represent the integers from 0 
to 5, Where R1 is selected from hydrogen, deuteriurn, 
hydroXy, protected hydroXy, ?uoro, tri?uorornethyl, and 
C1_5-alkyl, Which may be straight chain or branched and, 
optionally, bear a hydroXy or protected-hydroXy substituent, 
and Where each of R2, R3, and R4, independently, is selected 
from deuteriurn, deuteroalkyl, hydrogen, ?uoro, tri?uororn 
ethyl and C1_5 alkyl, Which may be straight-chain or 
branched, and optionally, bear a hydroXy or protected 
hydroXy substituent, and Where R1 and R2, taken together, 
represent an OX0 group, or an alkylidene group, =CR2R3, or 
the group —(CH2)p—, Where p is an integer from 2 to 5, and 
Where R3 and R4, taken together, represent an OX0 group, or 
the group —(CH2)q—, Where q is an integer from 2 to 5, and 
Where R5 represents hydrogen, hydroXy, protected hydroXy, 
CL5 alkyl or —OR7 Where R7 represents CL5 alkyl, and 
Wherein any of the CH-groups at positions 20, 22, or 23 in 
the side chain may be replaced by a nitrogen atom, or Where 
any of the groups —CH(CH3)—, —CH(R3)—, or —CH 
(R2)— at positions 20, 22, and 23, respectively, may be 
replaced by an oxygen or sulfur atom. 

The Wavy lines, eg to the substituents at C-2 and at C-20 
indicate that those substituents may have either the R or S 
con?guration. 

Speci?c irnportant examples of side chains With natural 
20R-con?guration are the structures represented by forrnu 
las (a), b), (c), (d) and (e) beloW. ie the side chain as it 
occurs in 25-hydroXyvitarnin D3 (a); vitamin D3 (b); 25-hy 
droXyvitarnin D2 (c); vitamin D2 (d); and the C-24 epirner of 
25-hydroXyvitarnin D2 (e): 
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I,’ (3) 

OH 

5 (c) 

'1',” \ - 

OH 

5 (d) 

0,, \ : 

(e) 

Speci?c irnportant examples of side chains With the 
unnatural 205 (also referred to as the 20-epi) con?guration 
are the structures presented by forrnulas (f), (g), (h), and 

beloW: 

(f) 

NH 
5 (h) 

\ E 

OH 

E (i) 

\ ’ 

(j) 

The above novel compounds exhibit a desired, and highly 
advantageous, pattern of biological activity. The synthesiZed 
vitarnins Were tested for their ability to bind the porcine 
intestinal vitamin D receptor. The presented results (FIG. 5) 
indicate that 2-ethylidene- 19-norvitarnins, possessing 
methyl group from ethylidene rnoiety directed toWard C-3, 
i.e., trans in relation to C(6)—C(7) bond (isorners E), are 
more active than 1ot,25-(OH)2D3 in binding to VDR, 
Whereas their counterparts With cis relationship betWeen 
ethylidene rnethyl substituent and C(7)-H group (isorners Z) 
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exhibit signi?cantly reduced af?nity for the receptor. The 
competitive binding analysis showed also that 2ot-ethyl-19 
norvitamins bind to the receptor better than their isomers 
With 2[3-ethyl substituents (FIG. 6). In the next assay, the 
cellular activity of the synthesiZed compounds Was estab 
lished by studying their ability to induce differentiation of 
human promyelocyte HL-60 cells into monocytes. E isomer 
of (20S)-2-ethylidene-19-norvitamin D3 (FIG. 7) and both 
2ot-ethyl-19-norvitamins (FIG. 8) are more potent than 
1ot,25-(OH)2D3 in this assay, Whereas the remaining tested 
compounds are almost equivalent to the hormone 1. Both E 
isomers of 2-ethylidene-19-norvitamins, When tested in vivo 
in rats (Table 1) exhibited very high calcemic activity, the 
(20S)-compound being especially potent. On the contrary, 
isomeric Z compounds are signi?cantly less active. 2-Ethyl 
19-norvitamins have some ability to mobiliZe calcium from 
bone but not to the extent of the hormone 1, While being 
inactive in intestine. The only exception is the 2ot-ethyl 
isomer from the 20S-series Which shoWs strong calcium 
mobiliZation response and marked intestinal activity. 

These compounds are thus highly speci?c in their calce 
mic activity. Their preferential activity on mobiliZing cal 
cium from bone and either high or normal intestinal calcium 
transport activity alloWs the in vivo administration of these 
compounds for the treatment of metabolic bone diseases 
Where bone loss is a major concern. Because of their 
preferential calcemic activity on bone, these compounds 
Would be preferred therapeutic agents for the treatment of 
diseases Where bone formation is desired, such as osteoporo 
sis, especially loW bone turnover osteoporosis, steroid 
induced osteoporosis, senile osteoporosis or postmeno 
pausal osteoporosis, as Well as osteomalacia and renal 
osteodystrophy. The treatment may be transdermal, oral or 
parenteral. The compounds may be present in a composition 
in an amount from about 0.1 pig/gm to about 50 pig/gm of the 
composition, and may be administered in dosages of from 
about 0.01 pig/day to about 50 pig/day. 

The compounds of the invention are also especially suited 
for treatment and prophylaxis of human disorders Which are 
characteriZed by an imbalance in the immune system, eg in 
autoimmune diseases, including multiple sclerosis, diabetes 
mellitus, host versus graft reaction, lupus, atherosclerosis, 
and rejection of transplants; and additionally for the treat 
ment of in?ammatory diseases, such as in?ammatory boWel 
disease, rheumatoid arthritis and asthma, as Well as the 
improvement of bone fracture healing and improved bone 
grafts. Acne, alopecia especially chemically induced alope 
cia (e.g. resulting from chemotherapy), skin conditions such 
as dermatitis, ecZema, keratosis, dry skin (lack of dermal 
hydration), undue skin slackness (insuf?cient skin ?rmness), 
insuf?cient sebum secretion and Wrinkles, as Well as hypoc 
alcernia, hypoparathyroidism and hypertension are other 
conditions Which may be treated With the compounds of the 
invention. 

The above compounds are also characteriZed by high cell 
differentiation activity. Thus, these compounds also provide 
therapeutic agents for the treatment of psoriasis, or as an 
anti-cancer agent, especially against leukemia, colon cancer, 
breast cancer and prostate cancer. The compounds may be 
present in a composition to treat psoriasis, cancer, and/or the 
above list of diseases in an amount from about 0.01 pig/gm 
to about 100 pig/gm of the composition, and may be admin 
istered topically, transdermally, orally or parenterally in 
dosages of from about 0.01 pig/day to about 100 pig/day. 

This invention also provides novel intermediate com 
pounds formed during the synthesis of the end products. 
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6 
This invention also provides a novel synthesis for the 

production of the end products of structures I and II. TWo 
different synthetic paths Were devised, both based on Lyth 
goe type Wittig-Horner coupling of the A-ring fragments, 
the corresponding phosphine oxides prepared from quinic 
acid, With the protected 25 -hydroxy Grundmann’s ketone. In 
the ?rst method, the allylic phosphine oxides Were substi 
tuted at C-4‘ With the ethylidene group Whereas in the 
alternative approach the introduction of ethylidene moiety 
Was performed in the ?nal step of the synthesis, by Wittig 
reaction of the intermediate 2-oxo-vitamin D analog. The 
selective catalytic hydrogenation of 2-ethylidene analogs of 
1ot,25-dihydroxy-19-norvitamin D3 provided the corre 
sponding 2ot- and 2[3-ethyl compounds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the general structural formulae for 
1ot,25-dihydroxyvitamin D3, 1ot,25-dihydroxy-2-methyl 
ene-19-norvitamin D3, and 10t,25-dihydroxy-2ot-methyl-19 
norvitamin D3, and further illustrates the general structural 
formulae for the four 2-ethylidene-19-nor-vitamins and the 
four 2-ethyl-19-nor-vitamins of the present invention syn 
thesiZed and tested herein; 

FIG. 2 illustrates the con?gurations and preferred confor 
mations of the 4‘-ethylidene intermediates 16 and 17 used in 
the synthesis disclosed herein; 

FIG. 3a illustrates the ot- and [3-forms of the A-ring chair 
conformers for vitamin D compounds in solutions; 

FIG. 3b illustrates that the presence of bulky 2-alkyl 
substituents, characteriZed by large conformational free 
energy A values, shifts the A-ring conformational equilib 
rium of the synthesiZed 2-ethyl-19-nor-vitamins toWard the 
conformers With the equatorial C(2)-substituents; 

FIG. 3c illustrates that a strong interaction (designated as 
A(1>3)-strain) exists betWeen the methyl group from the 
ethylidene moiety and equatorial hydroxyls at C-1 or C-3, 
and results in a strong bias toWard conformers With an axial 
orientation of this hydroxy group to Which the methyl from 
ethylidene fragment is directed; and 

FIG. 4 illustrates the conformational equilibrium in ring A 
of 2-methylene-19-norvitamin 2 (a) and the preferred, 
energy minimiZed (PC MODEL 6.0, Serena SoftWare) 
A-ring conformations of the synthesiZed analogs: 4a,b (b), 
5a,b (c), 6a,b (d) and 7a,b (e). 

FIG. 5a is a graph illustrating the relative activity of a 
2-ethylidene-19-nor-vitamins (isomers E and Z) and 10.,25 
dihydroxyvitamin D3 to compete for binding of [sH]-1,25 
(OH)2-D3 to the pig intestinal nuclear vitamin D receptor; 

FIG. 5b is a graph similar to FIG. 5a except illustrating 
the relative activity of individual compounds 20. and 
2[3-ethyl-19-nor-vitamins and 1ot,25-dihydroxyvitamin D3 
to compete for binding of [3H]-1,25-(OH)2-D3 to the vitamin 
D pig intestinal nuclear receptor; 

FIG. 6a is a graph illustrating the percent HL-60 cell 
differentiation as a function of the concentration of the 
2-ethylidene-19-nor-vitamins as compared to 1ot,25-dihy 
droxyvitamin D3; and 

FIG. 6b is a graph illustrating the percent HL-60 cell 
differentiation as a function of the concentration of the 20. 
and 2[3-ethyl-19-nor-vitamins as compared to 1ot,25-dihy 
droxyvitamin D3. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

As used in the description and in the claims, the term 
“hydroXy-protecting group” signi?es any group commonly 
used for the temporary protection of hydroXy functions, such 
as for example, alkoXycarbonyl, acyl, alkylsilyl or alkylar 
ylsilyl groups (hereinafter referred to simply as “silyl” 
groups), and alkoxyalkyl groups. AlkoXycarbonyl protecting 
groups are alkyl-O—CO— groupings such as methoXycar 
bonyl, ethoXycarbonyl, propoXycarbonyl, isopropoXycarbo 
nyl, butoXycarbonyl, isobutoXycarbonyl, tert-butoXycarbo 
nyl, benZyloXycarbonyl or allyloXycarbonyl. The term 
“acyl” signi?es an alkanoyl group of 1 to 6 carbons, in all 
of its isomeric forms, or a carboXyalkanoyl group of 1 to 6 
carbons, such as an oXalyl, malonyl, succinyl, glutaryl 
group, or an aromatic acyl group such as benZoyl, or a halo, 
nitro or alkyl substituted benZoyl group. The Word “alkyl” as 
used in the description or the claims, denotes a straight-chain 
or branched alkyl radical of 1 to 10 carbons, in all its 
isomeric forms. Alkoxyalkyl protecting groups are group 
ings such as methoXymethyl, ethoXymethyl, methoXy 
ethoXymethyl, or tetrahydrofuranyl and tetrahydropyranyl. 
Preferred silyl-protecting groups are trimethylsilyl, triethyl 
silyl, t-butyldimethylsilyl, dibutylmethylsilyl, diphenylm 
ethylsilyl, phenyldimethylsilyl, diphenyl-t-butylsilyl and 
analogous alkylated silyl radicals. The term “aryl” speci?es 
a phenyl-, or an alkyl-, nitro- or halo-substituted phenyl 
group. 
A “protected hydroXy” group is a hydroXy group deriva 

tised or protected by any of the above groups commonly 
used for the temporary or permanent protection of hydroXy 
functions, eg the silyl, alkoxyalkyl, acyl or alkoXycarbonyl 
groups, as previously de?ned. The terms “hydroXyalkyl”, 
“deuteroalkyl” and “?uoroalkyl” refer to an alkyl radical 
substituted by one or more hydroXy, deuterium or ?uoro 
groups respectively. 

It should be noted in this description that the term 
“24-homo” refers to the addition of one methylene group 
and the term “24-dihomo” refers to the addition of tWo 
methylene groups at the carbon 24 position in the side chain. 
-LikeWise, the term “trihomo” refers to the addition of three 
methylene groups. Also, the term “26,27-dimethyl” refers to 
the addition of a methyl group at the carbon 26 and 27 
positions so that for eXample R3 and R4 are ethyl groups. 
Likewise, the term “26,27-diethyl” refers to the addition of 
an ethyl group at the 26 and 27 positions so that R3 and R4 
are propyl groups. 

In the folloWing lists of compounds, the particular iso 
metric form of the ethylidene substituent attached at the 
carbon 2 position should be added to the nomenclature. For 
eXample, if the methyl group of the ethylidene substituent is 
in its con?guration, then the term “2(E)” should be 
included in each of the named compounds. If the methyl 
group of the ethylidene substituent is in its (Z) con?guration, 
then the term “2(Z)” should be included in each of the 
named compounds. In addition, if the methyl group attached 
at the carbon 20 position is in its epi or unnatural con?gu 
ration, the term “20(S)” or “20-epi” should be included in 
each of the folloWing named compounds. Also, if the side 
chain contains an oXygen atom substituted at any of posi 
tions 20, 22 or 23, the term “20-oXa”, “22-oXa” or “23-oXa”, 
respectively, should be added to the named compound. The 
named compounds could also be of the vitamin D2 or D4 
type if desired. 

Speci?c and preferred eXamples of the 2-ethylidene 
compounds of structure I When the side chain is unsaturated 
are: 

2-ethylidene-19-nor-1,25-dihydroXy-22,23-dehydrovita 
min D3; 
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8 
2-ethylidene-19-nor-24-homo-1,25-dihydroXy-22,23-de 

hydrovitamin D3; 
2-ethylidene-19-nor-24-dihomo-1,25-dihydroXy-22,23 

dehydrovitamin D3; 
2-ethylidene-19-nor-24-trihomo-1,25-dihydroXy-22,23 

dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-dimethyl-24-homo-1,25-dihy 

droXy-22,23-dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-dimethyl-24-dihomo-1,25-di 

hydroXy-22,23-dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-dimethyl-24-trihomo-1,25-di 

hydroXy-22,23-dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-diethyl-24-homo-1,25-dihy 

droXy-22,23-dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-diethyl-24-dihomo-1,25-dihy 

droXy-22,23-dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-diethyl-24-trihomo-1,25-di 

hydroXy-22,23-dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-dipropoyl-24-homo-1,25-di 

hydroXy-22,23-dehydrovitamin D3; 
2-ethylidene-19-nor-26,27-dipropyl-24-dihomo-1,25-di 

hydroXy-22,23-dehydrovitamin D3; and 
2-ethylidene-19-nor-26,27-dipropyl-24-trihomo-1,25-di 

hydroXy-22,23-dehydrovitamin D3. 
With respect to the above unsaturated compounds, it 

should be noted that the double bond located betWeen the 22 
and 23 carbon atoms in the side chain may be in either the 
(E) or (Z) con?guration. Accordingly, depending upon the 
con?guration, the term “22,23(E)” or “22,23(Z)” should be 
included in each of the above named compounds. Also, it is 
common to designate the double bond located betWeen the 
22 and 23 carbon atoms With the designation “A22”. Thus, 
for eXample, the ?rst named compound above could also be 
Written as 2-ethylidene-19-nor-22,23(E)-A22-1,25-(OH)2D3 
Where the double bond is in the con?guration. Similarly, 
if the methyl group attached at carbon 20 is in the unnatural 
con?guration, this compound could be Written as 2-eth 
ylidene-19-nor-20(S)-22,23(E)-A22-1,25-(OH)2D3. 

Speci?c and preferred examples of the 2-ethylidene 
compounds of structure I When the side chain is saturated 
are: 

2-ethylidene-19-nor-1,25-dihydroXyvitamin D3; 
2-ethylidene-19-nor-24-homo-1,25-dihydroXyvitamin 

D3; 
2-ethylidene-19-nor-24-dihomo-1,25-dihydroXyvitamin 

D3; 
2-ethylidene-19-nor-24-trihomo-1,25-dihydroXyvitamin 

D3; 
2-ethylidene-19-nor-26,27-dimethyl-24-homo-1,25-dihy 

droXyvitamin D3; 
2-ethylidene-19-nor-26,27-dimethyl-24-dihomo-1,25-di 

hydroXyvitamin D3; 
2-ethylidene-19-nor-26,27-dimethyl-24-trihomo-1,25-di 

hydroXyvitamin D3; 
2-ethylidene-19-nor-26,27-diethyl-24-homo-1,25-dihy 

droXyvitamin D3; 
2-ethylidene-19-nor-26,27-diethyl-24-dihomo-1,25-dihy 

droXyvitamin D3; 
2-ethylidene-19-nor-26,27-diethyl-24-trihomo-1,25-di 

hydroXyvitamin D3; 
2-ethylidene-19-nor-26,27-dipropyl-24-homo-1,25-dihy 

droXyvitamin D3; 
2-ethylidene-19-nor-26,27-dipropyl-24-dihomo-1,25-di 

hydroXyvitamin D3; and 
2-ethylidene-19-nor-26,27-dipropyl-24-trihomo-1,25-di 

hydroXyvitamin D3. 
As noted previously, the above saturated side chain com 

pounds should have the appropriate 2(E) or 2(Z) con?gu 
ration and/or carbon 20 con?guration added to the nomen 
clature. For eXample, particularly preferred compounds are: 
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19-nor-2(E)-ethylidene-1ot,25-dihydroxyvitamin D3; 
19-nor-2(Z)-ethylidene-1ot,25-dihydroxyvitamin D3; 
19-nor-2(E)-ethylidene-20(S)-lot,25-dihydroxyvitamin 

D3; and 
19-nor-2(Z)-ethylidene-20(S)-lot,25-dihydroxyvitamin 

D3. 
In the following lists of compounds, the particular iso 

metric form of the ethyl substituent attached at the carbon 2 
position should be added to the nomenclature. For example, 
if the ethyl group is in the alpha con?guration, the term 
“2ot-methyl” should be included in each of the named 
compounds. If the ethyl group is in the beta con?guration, 
the term “2[3-ethyl” should be included in each of the named 
compounds. In addition, if the methyl group attached at the 
carbon 20 position is in its epi or unnatural con?guration, the 
term “20(S)” or “20-epi” should be included in each of the 
folloWing named compounds. Also, if the side chain con 
tains an oxygen atom substituted at any of positions 20, 22 
or 23, the term “20-oxa,” “22-oxa” or “23-oxa,” respec 
tively, should be added to the named compound. The named 
compounds could also be of the vitamin D2 or D4 type if 
desired. 

Speci?c and preferred examples of the 2-ethyl-com 
pounds of structure II When the side chain is unsaturated are: 

2-ethyl-19-nor-1,25-dihydroxy-22,23-dehydrovitamin 
D3; 

2-ethyl-19-nor-24-homo-1,25-dihydroxy-22,23-dehydro 
vitamin D3; 

2-ethyl-19-nor-24-dihomo-1,25-dihydroxy-22,23-dehy 
drovitamin D3; 

2-ethyl-19-nor-24-trihomo-1,25-dihydroxy-22,23-dehy 
drovitarnin D3; 

2-ethyl-19-nor-26,27-dimethyl-24-homo-1,25-dihy 
droxy-22,23-dehydrovitamin D3; 

2-ethyl-19-nor-26,27-dimethyl-24-dihomo-1,25-dihy 
droxy-22,23-dehydrovitamin D3; 

2-ethyl-19-nor-26,27-dimethyl-24-trihomo-1,25-dihy 
droxy-22,23-dehydrovitamin D3; 

2-ethyl-19-nor-26,27-diethyl-24-homo-1,25-dihydroxy 
22,23-dehydrovitamin D3; 

2-ethyl-19-nor-26,27-diethyl-24-dihomo-1,25-dihy 
droxy-22,23-dehydrovitamin D3; 

2-ethyl-19-nor-26,27-diethyl-24-trihomo-1,25-dihy 
droxy-22,23-dehydrovitamin D3; 

2-ethyl-19-nor-26,27-dipropoyl-24-homo-1,25-dihy 
droxy-22,23-dehydrovitamin D3; 

2-ethyl-19-nor-26,27-dipropyl-24-dihomo-1,25-dihy 
droxy-22,23-dehydrovitamin D3; and 

2-ethyl-19-nor-26,27-dipropyl-24-trihomo-1,25-dihy 
droxy-22,23-dehydrovitamin D3. 

With respect to the above unsaturated compounds, it 
should be noted that the double bond located betWeen the 22 
and 23 carbon atoms in the side chain may be in either the 
(E) or (Z) con?guration. Accordingly, depending upon the 
con?guration, the term “22,23(E)” or “22,23(Z)” should be 
included in each of the above named compounds. Also, it is 
common to designate the double bond located betWeen the 
22 and 23 carbon atoms With the designation “A22”. Thus, 
for example, the ?rst named compound above could also be 
Written as 2-ethyl-19-nor-22,23(E)-A22-1,25-(OH)2D3 
Where the double bond is in the con?guration. Similarly, 
if the methyl group attached at carbon 20 is in the unnatural 
con?guration, this compound could be Written as 2-ethyl 
19-nor-20(S)-22,23(E)-A22-1,25-(OH)2D3. 

Speci?c and preferred examples of the 2-ethyl-com 
pounds of structure II When the side chain is saturated are: 

2-ethyl-19-nor-1,25-dihydroxyvitamin D3; 
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2-ethyl-19-nor-24-homo-1,25-dihydroxyvitamin D3; 
2-ethyl-19-nor-24-dihomo-1,25-dihydroxyvitamin D3; 
2-ethyl-19-nor-24-trihomo-1,25-dihydroxyvitamin D3; 
2-ethyl-19-nor-26,27-dimethyl-24-homo-1,25-dihydrox 

yvitamin D3; 
2-ethyl-19-nor-26,27-dimethyl-24-dihomo-1,25-dihy 

droxyvitamin D3; 
2-ethyl-19-nor-26,27-dimethyl-24-trihomo-1,25-dihy 

droxyvitamin D3; 
2-ethyl-19-nor-26,27-diethyl-24-homo-1,25-dihydrox 

yvitamin D3; 
2-ethyl-19-nor-26,27-diethyl-24-dihomo-1,25-dihydrox 

yvitamin D3; 
2-ethyl-19-nor-26,27-diethyl-24-trihomo-1,25-dihydrox 

yvitamin D3; 
2-ethyl-19-nor-26,27-dipropyl-24-homo-1,25-dihydrox 

yvitamin D3; 
2-ethyl-19-nor-26,27-dipropyl-24-dihomo-1,25-dihy 

droxyvitamin D3; and 
2-ethyl-19-nor-26,27-dipropyl-24-trihomo-1,25-dihy 

droxyvitamin D3. 
As noted previously, the above saturated side chain com 

pounds should have the appropriate 2(X- or 2[3-con?guration 
and/or carbon 20 con?guration added to the nomenclature. 
For example, particularly preferred compounds are: 

19-nor-2ot-ethyl-lot,25-dihydroxyvitamin D3; 
19-nor-2[3-ethyl-lot,25-dihydroxyvitamin D3; 
19-nor-20(S)-2ot-ethyl-lot,25-dihydroxyvitamin D3; and 
19-nor-20(S)-2[3-ethyl-lot,25-dihydroxyvitamin D3. 
The preparation of 2-ethylidene-19-nor-vitamin D com 

pounds, and the 2-ethyl-19-nor-vitamin D compounds, hav 
ing the basic structure I and II can be accomplished by a 
common general method, ie the condensation of a bicyclic 
Windaus-Grundmann type ketone III With the allylic phos 
phine oxide IVa or IVb to the corresponding 2-ethylidene 
19-nor-vitamin D analogs Va or Vb, respectively folloWed 
by a selective reduction of the ethylidene group at C-2 to the 
corresponding 2-ethyl compounds. 

III 

v20 
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Vb 

IVa 
OPPhZ 

Y2O\\\‘ I 0Y1 

IVb 
OPPhZ 

Y2o““ I 0Y1 

In the structures III, IV, and V groups Y1 and Y2 and R 
represent groups de?ned above; Y1 and Y2 are preferably 
hydroXy-protecting groups, it being also understood that any 
functionalities in R that might be sensitive, or that interfere 
With the condensation reaction, be suitable protected as is 
Well-known in the art. The process shoWn above represents 
an application of the convergent synthesis concept, Which 
has been applied effectively for the preparation of vitamin D 
compounds [eg Lythgoe et al., J. Chem. Soc. Perkin Trans. 
I, 590 (1978); Lythgoe, Chem. Soc. Rev. 9, 449 (1983); Toh 
et al., J. Org. Chem. 48, 1414 (1983); Baggiolini et al., J. 
Org. Chem. 51, 3098 (1986); Sardina et al., J. Org. Chem. 
51, 1264 (1986); J. Org. Chem. 51, 1269 (1986); DeLuca et 
al., US. Pat. No. 5,086,191; DeLuca et al., US. Pat. No. 
5,536,713]. 

Hydrindanones of the general structure III are knoWn, or 
can be prepared by knoWn methods. Speci?c important 
eXamples of such knoWn bicyclic ketones are the structures 
With the side chains (a), (b), (c) and (d) described above, ie 
25-hydroXy Grundmann’s ketone [Baggiolini et al., J. 
Org. Chem, 51, 3098 (1986)]; Grundmann’s ketone (g) 
[Inhoffen et al., Chem. Ber. 90, 664 (1957)]; 25-hydroXy 
Windaus ketone (h) [Baggiolini et al., J. Org. Chem., 51, 
3098 (1986)] and Windaus ketone [Windaus et al., Ann., 
524, 297 (1936)]: 
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(g) 

(h) 

O 

For the preparation of the required phosphine oXides of 
general structure IV, a neW synthetic route has been devel 
oped starting from methyl quinicate derivative 9, easily 
obtained from commercial (1R,3R,4S,5R)-(—)-quinic acid 8 
as described by Perlman et al., Tetrahedron Lett. 32, 7663 
(1991) and DeLuca et al., US. Pat. No. 5,086,191. The 
overall process of transformation of the starting methyl ester 
9 into the desired A-ring synthons, is summariZed by the 
Scheme I. Reduction of the ester 9 With diisobutylaluminum 
hydride (DIBALH) or other suitable reducing agent (e.g. 
lithium aluminum hydride) provided the diol 10 Which Was 
subsequently oXidiZed by sodium periodate to the cycloheX 
anone ketone derivative 11. Then, the secondary 4-hydroXyl 
group of 11 Was oXidiZed With RuO4 (a catalytic method 
With RuCl3 and NaIO4 as co-oXidant). Use of such a strong 
oxidant Was necessary for an effective oxidation process of 
this very hindered hydroXyl. HoWever, other more com 
monly used oXidants can also be applied (e.g. pyridinium 
dichromate), although the reactions usually require much 
longer time for completion. The neXt step of the process 
comprises the Peterson reaction of the ketone 12 With 
methyl(trimethylsilyl)acetate to form ester 13. 

Referring noW to Scheme 2, the neXt step of the synthesis 
comprises the Wittig reaction of the sterically hindered 
4-keto compound 13 With ylide prepared from ethyltriph 
enylphosphonium bromide and n-butyllithium leading to 
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ethylidene compounds 14 and 15. Ethylidene compounds 14 
and 15 in turn Were treated With diisobutylaluminum hydride 
and the formed alcohols 16 and 17 Were in turn transformed 
to the desired A-ring phosphine oxides 18 and 19. Conver 
sion of 16 and 17, to 18 and 19, respectively involved 3 
steps, namely, in situ tosylation With n-butyllithium and 
p-toluenesulfonyl chloride, folloWed by reaction With diphe 
nylphosphine lithium salt and oxidation With hydrogen 
peroxide. 

Several 2-ethylidene-19-nor-vitamin D compounds of the 
general structure V may be synthesiZed using the A-ring 
synthons 18 and 19 and the appropriate Windaus-Grund 
mann ketone III having the desired side chain structure. 
Thus, for example, Scheme 3 illustrates that Wittig-Horner 
coupling of the phosphinoxy 18 With the protected 25-hy 
droxy Grundmann’s ketone 20 prepared according to pub 
lished procedure [Sicinski et al., J. Med. Chem. 37, 3730 
(1994)] gave the expected protected vitamin compound 21. 
This, after deprotection afforded 1ot,25-dihydroxy-2(E)-eth 
ylidene-19-nor-vitamin D3 (4a). Similarly, Scheme 3 illus 
trates the synthesis of 1ot,25-dihydroxy-2(Z)-ethylidene-19 
nor-vitamin D3(5a) from phosphinoxy 19 and Grundmann’s 
ketone 20. 

Referring noW to Scheme 6, the ?nal step of the process 
Was the selective homogeneous catalytic hydrogenation of 
the ethylidene unit at carbon 2 in the vitamins 4a and Sa 
performed ef?ciently in the presence of tris(triphenylphos 
phine)rhodium(I) chloride [Wilkinson’s catalyst, (Ph3P) 
3RhCl]. Such reduction conditions alloWed to reduce only 
C(2)=CH2 unit leaving C(5)—C(8) butadiene moiety unaf 
fected. The isolated material is an epimeric mixture (ca. 1:1) 
of 2-ethyl-19-nor-vitamins 6a and 7a differing in con?gu 
ration at C-2. The mixture can be used Without separation or, 
if desired, the individual 2ot- and 2[3-isomers can be sepa 
rated by an ef?cient HPLC system. 

The C-20 epimeriZation may be accomplished by the 
analogous coupling of the phosphine oxides 18 and 19 With 
protected 20(S)-25-hydroxy Grundmann’s ketone 26 
(Scheme 5) Which after hydrolysis of the hydroxy-protecting 
groups gave 20(S)-1ot,25-dihydroxy-2-ethylidene-19-nor 
vitamin D3 compounds 4b and 5b. Hydrogenation of 4b and 
5b provided the expected mixture of the 2-ethyl-19-nor 
vitamin D analogs 6b and 7b. 
As noted above, other 2-ethylidene and 2-ethyl-19-nor 

vitamin D analogs may be synthesiZed by the method 
disclosed herein. For example, 1ot-hydroxy-2-ethylidene 
19-nor-vitamin D3 can be obtained by providing the Grund 
mann’s ketone Subsequent reduction of the A-ring 
ethylidene group in the formed compound can also give the 
corresponding epimeric mixture of 1ot-hydroxy-2-ethyl-19 
nor-vitamin D3 compounds. 
Anumber of oxa-analogs of vitamin D3 and their synthe 

sis are also knoWn. For example, 20-oxa analogs are 
described in N. Kubodera at al, Chem. Pharm. Bull., 34, 
2286 (1986), and Abe et al, FEBS Lett. 222, 58, 1987. 
Several 22-oxa analogs are described in E. Murayama et al, 
Chem. Pharm. Bull., 34, 4410 (1986), Abe et al, FEBS Lett., 
226, 58 (1987), PCT International Application No. WO 
90/09991 and European Patent Application, publication 
number 184 112, and a 23-oxa analog is described in 
European Patent Application, publication number 78704, as 
Well as US. Pat. No. 4,772,433. 

This invention is described by the folloWing illustrative 
examples. In these examples speci?c products identi?ed by 
Arabic numerals (eg 1, 2, 3, etc) refer to the speci?c 
structures so identi?ed in the preceding description and in 
the Schemes. 
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14 
EXAMPLE 1 

Chemistry 

The strategy of the synthesis of 2-substituted 19-norvita 
mins Was based on Lythgoe-type Wittig-Horner coupling. 
Since the corresponding C,D-ring ketones Were available, 
attention Was focused on the synthesis of the phosphine 
oxide A-ring synthons (Scheme 1 and 2). Con?gurations of 
the ethylidene unit at C‘-4 in the isomeric compounds 16, 17 
(FIG. 2) and 17, 18, as Well as their preferred conformations, 
Were determined by analysis of 1H NMR spectra, NOE 
measurements and spin decoupling experiments. 
The Wittig-Horner reaction of the conjugate base of 20 

With the protected 25-hydroxy Grundmann’s ketone 20 
produced 19-norvitamin D compound 21 in a very high 
yield, ie 91% (Scheme 3), but the yield of an analogous 
coupling of the isomeric phosphine oxide 19 Was very loW, 
ie 13%. The obtained condensation products 21 and 22, 
folloWing deprotection, gave 2-ethylidene-19-norvitamins 
4a and 5a. Considering the loW yield of the Wittig reaction 
of the cyclohexanone 13, leading to ethylidene compounds 
14 and 15 (Scheme 2), an alternative synthetic approach Was 
sought. 

Thus, the carbonyl group in 13 Was protected as O-trim 
ethylsilyl hemimethylthioketal and the corresponding phos 
phine oxides 25 Were ef?ciently synthesiZed (Scheme 4). 
Coupling of their anions With the hydrindanone 26 (Scheme 
5) afforded the protected 19-norvitamin D compound 27 in 
a high yield. This, after deprotection of 2-oxo group, Wittig 
reaction and subsequent hydrolysis Was converted to (20S) 
2-ethylidene-19-norvitamins 4b and 5b. The selective cata 
lytic hydrogenation of 2-ethylidene analogs 4a, b and 5a, b 
(Scheme 6) provided the corresponding 2-ethyl-19-norvita 
mins 6a, b and 7a, b, Which Were easily separated by HPLC. 

Stereochemistry at C-2 in the synthesiZed vitamin D 
compounds Was tentatively assigned on the basis of confor 
mational analysis, molecular modeling studies, and 500 
MHZ 1H NMR spectroscopy. 

EXAMPLE 2 

Conformational Analysis 

It has been established that vitamin D compounds in 
solutions exist as a mixture of tWo rapidly equilibrating 
A-ring chair conformers abbreviated as ot- and [3-forms 
(FIG. 3a). Presence of bulky 2-alkyl substituents, charac 
teriZed by large conformational free energy A values (FIG. 
3b), shifts the A-ring conformational equilibrium of the 
synthesiZed 2-ethyl-19-norvitamins toWard the conformers 
With the equatorial C(2)-substituents. In the obtained 2-eth 
ylidene-19-norvitamin D compounds, an additional strong 
interaction (designated as A(1’3)-strain, FIG. 3c) is involved, 
existing betWeen the methyl group from the ethylidene 
moiety and equatorial hydroxyls at C-1 or C-3. It results in 
the strong bias toWard conformers With an axial orientation 
of this hydroxy group to Which the methyl from ethylidene 
fragment is directed. 

Conformational equilibrium in ring Aof 2-methylene-19 
norvitamin 2 (a) and the preferred, energy minimiZed (PC 
MODEL 6.0, Serena SoftWare) A-ring conformations of the 
synthesiZed analogs: 4a, b (b), 5a, b (c), 6a, b (d) and 7a, b 
(e) are shoWn in FIG. 4. The steric energy differences 
betWeen the preferred conformers and their partners With the 
inverted chair forms (calculated for model compounds lack 
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ing side chain) are given. The corresponding percentage 
populations (in parentheses) of conformers are given for 
room temperature (25° C.). 

EXAMPLE 3 

Biological Evaluation 

The synthesized vitamins Were tested for their ability to 
bind the porcine intestinal vitamin D receptor. The presented 
results (FIG. 5a) indicate that 2-ethylidene-19-norvitamins, 
possessing methyl group from ethylidene moiety directed 
toWard C-3, i.e. trans in relation to C(6)—C(7) bond (isomers 
E), are more active than 1ot,25-(OH)2D3 in binding to VDR, 
Whereas their counterparts With cis relationship betWeen 
ethylidene methyl substituent and C(7)-H group (isomers Z) 
exhibit signi?cantly reduced af?nity for the receptor. The 
competitive binding analysis shoWed also that 2ot-ethyl-19 
norvitamins bind the receptor better than their isomers With 
2[3-ethyl substituents (FIG. 5b). In the next assay, the 
cellular activity of the synthesized compounds Was estab 
lished by studying their ability to induce differentiation of 
human promyelocyte HL-60 cells into monocytes. E isomer 
of (20S)-2-ethylidene-19-norvitamin D3 (FIG. 6a) and both 
2ot-ethyl-19-norvitamins (FIG. 6b) are more potent than 
1ot,25-(OH)2D3 in this assay, Whereas the remaining tested 
compounds are almost equivalent to the hormone. 

Both E isomers of 2-ethylidene-19-norvitamins, When 
tested in vivo in rats (Table 1) exhibited very high calcemic 
activity, the (20S)-compound being especially potent. On the 
contrary, isomeric Z compounds are signi?cantly less active. 
2-ethyl-19-norvitamins have some ability to mobilize cal 
cium from bone but not to the extent of the hormone 1, While 
being inactive in intestine. The only exception is 2ot-ethyl 
isomer from 20S-series that shoWs strong calcium mobili 
zation response and marked intestinal activity. 

TABLE 1 

Support of Intestinal Calcium Transport and Bone Calcium Mobilization 
By 2-Substituted Analogs of 1(1,25-Dihydroxy-19-norvitamin D3 

In Vitamin D-De?cient Rats on a LOW-Calcium Dieta 

Ca 
compd. amount transport S/M Serum Ca 

compound no. (pmol) (mean 1 SEM) (mean 1 SEM) 

none (control) 0 3.0 r 0.7 4.3 r 0.1 

1(1,25—(OH)2D3 1 130 5.5 1 0.5 5.1 1 0.3 
260 5.9 r 0.4 5.8 r 0.3 

2-ethylidene-19-nor- 4a 65 5.0 r 0.4 4.5 r 0.1 

1OL,25-(OH)2D3 130 6.8 r 0.4 5.2 r 0.2 

(E-isomer) 
2-ethylidene-19-nor- 5a 65 4.4 0.4 4.4 r 0.2 
1OL,25-(OH)2D3 130 5.7 0.9 4.2 r 0.0 

(Z-isomer) 
none (control) 0 4.4 r 0.2 4.1 r 0.2 

1OL,25-(OH)2D3 1 130 4.9 r 0.7 5.2 r 0.2 
260 6.0 r 0.9 6.4 r 0.4 

2-ethylidene-19-nor- 4b 65 9.0 r 0.3 8.2 r 0.3 

(20S)-1OL,25- 130 5.8 r 0.8 12.1 r 0.6 

(OH)2D3 (E-isomer) 
2-ethylidene-19-nor- 5b 65 4.3 r 0.7 4.0 r 0.3 

(20S)-1OL,25- 130 3.8 r 0.3 4.0 r 0.1 

(OH)2D3 (Z-isomer) 
none (control) 0 3.8 r 0.4 3.9 r 0.1 

1OL,25-(OH)2D3 1 260 6.5 r 0.9 5.8 r 0.1 
2(1-ethyl-19-nor- 6a 260 4.0 r 0.4 5.1 r 0.1 

1(1,25—(OH)2D3 
2[5—ethyl-19—nor— 7a 260 3.7 r 0.3 5.0 r 0.1 

10 

15 

20 

25 

30 

35 

40 

60 

65 

16 

TABLE 1-continued 

Support of Intestinal Calcium Transport and Bone Calcium Mobilization 
By 2-Substituted Analogs of 1(1,25-Dihydroxy-19-norvitamin D3 

In Vitamin D-De?cient Rats on a LOW-Calcium Dieta 

Ca 
compd. amount transport S/M Serum Ca 

compound no. (pmol) (mean 1 SEM) (mean 1 SEM) 

2(1-ethyl-19-nor- 6b 260 5.0 r 0.4 7.0 r 0.1 

(2OS)—1OL,25— 
<OH>2D3 
2[5—ethyl—19—nor— 7b 260 4.1 r 0.3 5.6 r 0.1 

(2OS)—1OL,25— 
<OH>2D3 

aWeanling male rats Were maintained on a 0.47% Ca diet for one Week 
and then switched to a low-calcium diet containing 0.02% Ca for an addi 
tional three Weeks. During the last Week, they Were dosed daily With the 
appropriate vitamin D compound for seven consecutive days. All doses 
Were administered intraperitoneally in 0.1 mL propylene glycol/ethanol 
(95:5). Controls received the vehicle. Determinations Were made 24 hours 
after the last dose. There Were at least six rats per group. 

For treatment purposes, the novel compounds of this 
invention de?ned by formula I and/or II may be formulated 
for pharmaceutical applications as a solution in innocuous 
solvents, or as an emulsion, suspension or dispersion in 
suitable solvents or carriers, or as pills, tablets or capsules, 
together With solid carriers, according to conventional meth 
ods knoWn in the art. Any such formulations may also 
contain other pharmaceutically-acceptable and non-toxic 
excipients such as stabilizers, anti-oxidants, binders, color 
ing agents or emulsifying or taste-modifying agents. 
The compounds may be administered orally, topically, 

parenterally, sublingually, intranasally, or transdermally. The 
compounds are advantageously administered by injection or 
by intravenous infusion or suitable sterile solutions, or in the 
form of liquid or solid doses via the alimentary canal, or in 
the form of creams, ointments, patches, or similar vehicles 
suitable for transdermal applications. Doses of from about 
0.01 pg to about 100 pg per day, preferably from 0.1 pg to 
50 pg per day of the compounds are appropriate for treat 
ment purposes, such doses being adjusted according to the 
disease to be treated, its severity and the response of the 
subject as is Well understood in the art. Since the neW 
compounds exhibit speci?city of action, each may be suit 
ably administered alone, or together With graded doses of 
another active vitamin D compound—e.g. 1ot-hydroxyvita 
min D2 or D3, or 1ot,25-dihydroxyvitamin D3—in situations 
Where different degrees of bone mineral mobilization and 
calcium transport stimulation is found to be advantageous. 

Compositions for use in the above-mentioned treatment of 
psoriasis and other malignancies comprise an effective 
amount of one or more 2-substituted-19-nor-vitamin D 

compound as de?ned by the above formula I and/or II as the 
active ingredient, and a suitable carrier. An effective amount 
of such compounds for use in accordance With this invention 
is from about 0.01 pg to about 100 pg per gm of composi 
tion, and may be administered topically, transdermally, 
orally, sublingually, intranasally, or parenterally in dosages 
of from about 0.1 pig/day to about 100 pig/day. 
The compounds may be formulated as creams, lotions, 

ointments, topical patches, pills, capsules or tablets, or in 
liquid form as solutions, emulsions, dispersions, or suspen 
sions in pharmaceutically innocuous and acceptable solvent 
or oils, and such preparations may contain in addition other 
pharmaceutically innocuous or bene?cial components, such 
as stabilizers, antioxidants, emulsi?ers, coloring agents, 
binders or taste-modifying agents. 
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The compounds are advantageously administered in 
amounts sufficient to effect the differentiation of promyelo 
cytes to normal macrophages. Dosages as described above 
are suitable, it being understood that the amounts given are 

18 
creams, ointments or pastes; or solutions or suspensions 

such as drops; or as sprays. 

For asthma treatment, inhalation of poWder, self-propel 
ling or spray formulations, dispensed With a spray can, a 

to be adjustedin accordance With the severity‘ of the disease, 5 nebuhzer or an atomizer can be used' The formulations, 
and the condition and response of the sub]ect as is Well h dis ensed referabl have a article Size in the ran 6 
understood in the art. W en p ’ p y p g 

. . . . of 10 to 100g. 
The formulations of the present invention comprise an _ _ _ 

active ingredient in association With a pharmaceutically The fbrmulatlbns Inay ebnvemently be presented 1n dos‘ 
acceptable carrier therefore and optionally other therapeutic 10 age unit form and Inay be Prepared by any of the methods 
ingredients. The carrier must be “acceptable” in the sense of Weh khOWh ih the art of Pharmacy BY the term “dosage 
being compatible With the other ingredients of the formu- hhit” is Iheaht a hhitary> ie- a Sihgle dose Which is Capable 
lations and not deleterious to the recipient thereof. of beihg adthihistered to a Patieht as a Physically ahd 

Formulations of the present invention suitable for oral 15 ehethieahy Stable hhit dose eothprtsihg either_ the aeti‘_’e 
administration may be in the form of discrete units as lhgredleht as such or a IhlXthre of 1t Wlth Sohd or hqhld 

capsules, sachets, tablets or loZenges, each containing a Pharmaceutical dhuehts or earriers~ 
predetermined amount of the active ingredient; in the form In its broadest application, the present invention relates to 
of a poWder or granules; in the form of a solution or a any 19-nor-analog of vitamin D Which have the vitamin D 
suspension in an aqueous liquid or non-aqueous liquid; or in 20 nucleus. By vitamin D nucleus, it is meant a central part 
the form of an oil-in-Water emulsion or a Water-in-oil consisting of a substituted chain of ?ve carbon atoms Which 
emulsion. correspond to positions 8, 14, 13, 17 and 20 of vitamin D, 

Formulations for rectal administration may be in the form and at the ends of Which are connected at position 20 a 
of a suppository incorporating the active ingredient and structural moiety representing any of the typical side chains 
carrier such as cocoa butter, or in the form of an enema. 25 knoWn for vitamin D type compounds (such as R as previ 

Formulations suitable for parenteral administration con- ously de?ned herein), and at position 8 the 5,7-diene moiety 
veniently comprise a sterile oily or aqueous preparation of connected to the A-ring of an active lot-hydroxy vitamin D 
the active ingredient Which is preferably isotonic With the analog (as illustrated by formula I herein). Thus, various 
blood of the recipient. knoWn modi?cations to the siX-membered C-ring and the 

Formulations suitable for topical administration include 30 ?ve-membered D-ring typically present in vitamin D, such 
liquid or semi-liquid preparations such as liniments, lotions, as the lack of one or the other or both, are also embraced by 
applicants, oil-in-Water or Water-in-oil emulsions such as the present invention. 
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